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Flower pigmentationClivia miniata is a popular breeding variety. The production of anthocyanin has been studied in Clivia species and
the presence of key genes in anthocyanin production, chalcone synthase (CHS) and dihydroﬂavonol 4-reductase
(DFR) conﬁrmed. However, it is currently unknown towhat extent these genes are expressed in different ﬂower
tissue during ﬂower development. Thus the aim of this study was to determine the expression of CHS and DFR in
C. miniata var.miniata, an orange ﬂowered variety, and C. miniata var. citrina, a yellow ﬂowered variety, in tepal,
carpel and stamen at ﬂower developmental stage two to six. As expected, the anthocyanin content in orange
ﬂowerswas higher than that of yellowﬂowers. The expression ofCHS andDFR correlated to anthocyanin content.
Anthocyanin gene expression and production was found primarily in the tepal. There was a high correlation be-
tween CHS and DFR expression suggesting that these genes are subject to coordinate regulation in C. miniata.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Clivia Lindl. is a small, evergreen, rhizomatous genus endemic to
southernAfrica. It belongs to the sub-SaharanAfrican tribeHeamantheae
of the family Amaryllidaceae, a cosmopolitan family of petaloid mono-
cotyledons (Meerow et al., 1999). Currently the genus consists of six spe-
cies, namely Clivia nobilis Lindley, Clivia miniata Regel, Clivia gardenii
Hooker, Clivia caulescens Dyer, Clivia mirabilis Rourke and Clivia robusta
Murray et al. Commercially, C. miniata is the most attractive and
well-known Clivia species and has gained the most attention from Clivia
breeders in the development of different colour varieties.
Flower colour is the result of anthocyanins that are probably the
most important group of plant pigments visible to the human eye
(Kong et al., 2003). Anthocyanins are members of a class of phenolic
compounds collectively known as ﬂavonoids. They are the most con-
spicuous and provide most of the orange, red, blue and purple cyanic
pigmentation in higher plants (Mol et al., 1998; Tulio et al., 2008). Ap-
proximately 90% of all anthocyanins are based on the six most common
anthocyanidins acting as central chromophores: cyanidin, pelargonidin,
delphinidin, petunidin, peonidin and malvidin. Although anthocyanins
are the major ﬂower pigments, other phytochemical compounds, the
carotenoids and the betalains, also contribute to colouration in ﬂowers,avonol 4-reductase.
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sponsible for ﬂower colours in the yellow to orange range. Somegenera,
for example the Asteraceae, exhibit a wide range of petal colours due to
a combination of both anthocyanins and carotenoids (Kishimoto et al.,
2007). In a study by Koopowitz et al. (2003), the anthocyanin content
in tepals, berries and leaves of C. miniata, C. caulescens and C. nobilis
was analysed by HPLC. Two pelargonidin derivatives, i.e. pelargonidin-
3-glucoside and pelargonidin-3-rutinoside, were found to be present
as the main pigments in three different colour varieties, ranging from
light orange to red, in C. miniata.
The central ﬂavonoid pathway that ultimately leads to anthocya-
nin biosynthesis has been extensively studied in different plants in-
cluding maize (Zea mays), snapdragon (Antirrhinum majus), petunia
(Petunia × hybrida) and Arabidopsis thaliana (Holton and Cornish,
1995; Winkel-Shirley, 2002). A key enzyme in anthocyanin biosyn-
thesis, chalcone synthase (CHS) catalyses the stepwise condensation
of one p-coumaryl-CoA and three malonyl-CoA molecules to yield
narengenin chalcone, the precursor for a large number of ﬂavonoids
(Weisshaar and Jenkins, 1998; Claudot et al., 1999; Lunkenbein et
al., 2006). A furtherﬂavonoid biosynthesis entry step, ultimately leading
to anthocyanin biosynthesis, is catalysed by dihydroﬂavonol 4-reductase
(DFR). DFR is a key enzyme responsible for the NADPH-dependent re-
duction of dihydroﬂavonols to colourless leucoanthocyanidins (Himi
and Noda, 2004).
Currently, there is little information, concerning ﬂavonoid biosyn-
thesis in the genus Clivia. In this we investigated the expression of CHS.
Table 1
Gene speciﬁc primers used for detection of CmCHS, CmDFR and Cm18S rRNA with real-time quantitative PCR.
Expressed gene Primer Sequence (5′–3′) Temperature Expected PCR amplicon length
Type Name (°C) (bp)
Target gene CHS F CAAGCGCCTCATGATGTATCA 58 114
R TCCGAGCAGACGACGAGAA 59
Target gene DFR F TGTAAGAAAGCAAGGTCAGTCCAA 59 80
R GGCTTTTGACGTTCCTCCATAT 58
Reference gene 18S rRNA F ACTAGGGATCGGCGGATGTT 59 100
R AGTTTCAGCCTTGCGACCAT 58
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and orange ﬂower development and compared this to anthocyanin
content.
2. Materials and methods
2.1. Plant material
Flower tissue was collected from two Clivia plants: C. miniata var.
miniata ‘Plantation’ (dark orange) and C. miniata var. citrina ‘Giddy’
(yellow). Tepal, stamen and carpel tissues were collected at six stages
of ﬂower development deﬁned as follows: stage 1 — unpigmented
bud; stage 2 — slight pigmentation of bud; stage 3 — pigmentation
covers approximately one third of the bud; stage 4 — pigmentation
covers approximately two thirds of the bud; and stage 5 — anthesis;
stage 6 — mature, fully pigmented ﬂowers. All samples were frozen
in liquid nitrogen and kept at −80 °C until used.
2.2. Total anthocyanin determination
Anthocyanin extraction was carried out according to the method
of Sparvoli et al. (1994), Mato et al. (2000), Nunes et al. (2006), and
Nakatsuka et al. (2008). Tepals were homogenised with a mortar
and pestle to a ﬁne powder in liquid nitrogen. Approximately 200 to
400 mg of tissue from each developmental stage was added to meth-
anol acidiﬁed with 1% HCl (v/v). Each extraction was prepared in trip-
licate, kept in the dark and incubated on a rotary shaker for 16 h at
4 °C. This was followed by centrifugation at 10,000 rpm for 10 min
at 4 °C after which the supernatant was retained and absorbance
measured at 530 nm in a Cary 100-Bio UV–visible spectrophotometer
(Varian, Inc.). The anthocyanin concentration was calculated as theTable 2
Relative gene expression of CHS and DFR ﬂavonoid biosynthetic genes at each ﬂower de-
velopmental stage of C. miniata var.miniata and C. miniata var. citrina in tepal (T2 to T6),
stamen (S2 to S6) and carpel (C2 to C6).
Flower stage C. miniata var. miniata C. miniata var. citrina
Relative
expression of
CHS (2−ΔΔCt)
Relative
expression of
DFR (2−ΔΔCt)
Relative
expression of
CHS (2−ΔΔCt)
Relative
expression of
DFR (2−ΔΔCt)
T2 427.57 79.34 362.04 286.03
T3 935.76 126.24 413.00 104.69
T4 5184.54 1168.14 1910.85 797.86
T5 2256.70 548.75 14066.74 3191.46
T6 12416.75 1663.49 2702.35 604.67
S2 101.83 21.71 1.00 3.92
S3 4.89 1.58 2.25 2.51
S4 25.46 6.45 4.59 2.91
S5 1.00 1.00 4.23 11.71
S6 515.56 74.54 3.76 11.88
C2 14.03 11.88 1.33 1.00
C3 77.17 68.59 3.63 4.76
C4 29.24 39.12 1.22 4.14
C5 9.85 9.38 2.23 6.15
C6 108.38 13.45 1.48 2.39mean absorbance at 530 nm (Ā530 nm) per 100 mg fresh weight of
tissue.
2.3. RNA isolation
Tepal, stamen and carpel tissue were collected from ﬂower devel-
opmental stages 2 to 6 and homogenised in liquid nitrogen to a ﬁne
powder. The Trizol method was used to isolate RNA from the tepal,
stamen and carpel samples from stages 2 to 6. Approximately
100 mg of sample was incubated in 800 μl Trizol for 5 min at room
temperature. This was followed by the addition of 150 μl of chloro-
form, vortexing and centrifugation for 20 min at 10 k rpm. The super-
natantwas retained and the RNA precipitated by the addition of 400 μl
isopropanol and incubation for 10 min at room temperature. After
centrifugation at 10 k rpm for 15 min the pellet was washed with
1 ml 70% ethanol followed by resuspension in 50 μl RNAse free sterile
water. The RNA concentration was measured using a NanoDrop
ND-1000 spectrophotometer (NanoDrop Technologies). The RNA
was stored at −80 °C until used. First-strand cDNA synthesis was
performed as follows: 1 μg total RNA and 0.4 μM anchored oligo(dT)
23VN primer (custom-designed; Bioneer) in a ﬁnal volume of 11 μl
were incubated at 70 °C for 5 min and chilled on ice. Following this,
5× reaction buffer, 200 μM dNTPs, 20 U GeneAMP® RNase inhibitor
(Applied Biosystems) and DEPC-treated water was added to a volume
of 19 μl, followed by incubation at 37 °C for 5 min. Thereafter, 200 U
(1 μl) RevertAid™ M-MuLV Reverse Transcriptase (Fermentas) was
added and the reaction mixture incubated at 42 °C for 1 h followed
by inactivation at 70 °C for 10 min.
2.4. Quantitative Real-time PCR
Primers were designed using Primer Express v3.0 (Applied
Biosystems) for an 18S rRNA reference gene from C. nobilis sequence
(GenBank accession: AF206889) and primers for CHS and DFR for C.
miniata were developed by Snyman (2010) (Table 1). All reactions
were performed in triplicate and three negative controls were included
in each reaction plate. Each real-time PCR mastermix (25 μl) consisted
of 12.5 μl of Maxima™ SYBR Green qPCR Master Mix (Fermentas),
0.5 μM of each speciﬁc primer, 2 μl template cDNA and nuclease-free
water. Ampliﬁcation was performed in a 96-well plate on an ABI7500
Fast Real-TimePCR system(Applied Biosystems)with the following ther-
mal cycle: 95 °C for 10 min, followed by 50 cycles of 95 °C for 15 s, 55 °C
for 40 s, and 72 °C for 30 s. Baseline and threshold cycles (Ct) were auto-
matically determined using the SDS Software (Applied Biosystems). The
relative quantitative gene expression of the CHS and DFR target genes at
each ﬂower developmental stage was calculated using the comparative
Ct method (Wong and Medrano, 2005; Schmittgen, 2006). ΔCt-values
were calculated for each sample by subtracting the 18S rRNA Ct from
the Ct of each target gene and the comparative expression level of each
target gene determined using the formula 2−ΔΔCt,whereΔΔCtwas calcu-
lated by subtracting the calibrator ΔCt value from the ΔCt of the sample
(Livak and Schmittgen, 2001; Schmittgen, 2006). The sample that had
the lowest expression level of target gene (or highest ΔCt value) was
used as the calibrator. The 2−ΔΔCt values were plotted against the
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Fig. 1. Changes in anthocyanin accumulation during the different ﬂower developmental stages in tepals in C. miniata var. miniata (panel A) and C. miniata var. citrina (panel B).
Vertical lines indicate the standard deviation from the mean.
20 C.D. Viljoen et al. / South African Journal of Botany 87 (2013) 18–21corresponding developmental stages of each ﬂower organ in Microsoft
Excel® 2007.
2.5. Statistical analysis
The correlation between the relative gene expression of CHS and
DFR in each tissue type for each C. miniata variety was determined
using BioStat 2009 Professional for Windows (AnalystSoft, Inc.).
Each result was expressed as a Pearson correlation coefﬁcient (R).
BioStat 2009 Professional was also used to assess the linear correlation
between CmDFR and CmCHS gene expression and concentration of
anthocyanin Graphs were generated in SigmaPlot v11 for Windows
(Systat software, Inc.). One-way ANOVAwas performed to test for sig-
niﬁcant differences between tissue type, gene expression and concen-
tration of anthocyanin (p = 0.05).
3. Results and discussion
Overall, the expression of CHS and DFR as well as anthocyanin con-
tentwas higher for the orange ﬂowered C. miniata var.miniata than for
the yellow ﬂowered C. miniata var. citrina (Table 2 and Fig. 1). In both0.00 0.02 0.04 0.06 0.08 0.10 0.12
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Fig. 2. Linear correlation between anthocyanin content and relative gene expression of CHS (pavarieties, the levels of expression of CHS and DFR in stamen and carpel
were low compared to tepal tissue (Table 2). In tepal tissue, the trend
of gene expression for CHS and DFRwas similar to levels of anthocya-
nin in both orange and yellow ﬂowers (Fig. 1). In the orange tepals of
C. miniata var. miniata, the expression of CHS and DFR increased from
T2 to T4, followed by a decline in T5 and an increase in T6. Anthocya-
nin production followed a similar trend in C. miniata var.miniatawith
an increase from T2 to T4, followed by a slight increase between T4
and T5 with a further increase to T6. In yellow ﬂowers (C. miniata
var. citrina), the expression of CHS and DFR increased from T2 to T5,
followed by a decline in T6. Compared to this, anthocyanin production
followed a similar trend in C. miniata var. citrinawith an increase from
T2 to T6, where the increase from T5 to T6 was lower than from T4 to
T5, reﬂecting the reduction in gene expression.
There was a linear correlation in C. miniata var. miniata and C.
miniata var. citrina between anthocyanin production and CHS (0.89
and 0.99, respectively) as well as DFR (0.91 and 0.99, respectively) ex-
pression (Fig. 2). Furthermore, therewas a high correlation in both va-
rieties between CHS and DFR expression in tepal (0.95 and 0.99). The
correlation between CHS and DFR for stamen (0.99 and 0.44, respec-
tively) and carpel (0.30 and 0.54, respectively), was less consistent0.00 0.02 0.04 0.06 0.08 0.10 0.12
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nels A and C) and DFR (panels B and D) in C. miniata var.miniata and C. miniata var. citrina.
21C.D. Viljoen et al. / South African Journal of Botany 87 (2013) 18–21and lower overall. Based on these data it appears that the CHS and DFR
genes are subject to coordinate regulation, possibly as a result of reg-
ulation through the same transcription factors.
4. Conclusions
CHS and DFR expression and the resulting anthocyanin production
were as expected higher in the orange ﬂowers of C. miniata var.
miniata compared to C. miniata var. citrina. A similar trend between
anthocyanin content and CHS and DFR gene expression suggests that
these genes are key in pigment production in C. miniata. Anthocyanin
production occurs primarily in the tepals. Finally, these data suggest
that CHS and DFR are subject to coordinate regulation possibly due
to the same set of transcription factors.
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